Coordinated regulation of genetic activity underpins formation of the body plan and morphogenesis of embryonic structures. In this issue of Developmental Cell, Mitiku and Baker describe a chronological series of transcriptomes of postimplantation mouse embryos at gastrulation and early organogenesis, providing a valuable resource for studying the dynamics of both genome-wide and gene-specific transcriptional activities that accompany mouse embryogenesis.
Elucidation of the developmental mechanisms controlling embryogenesis requires an understanding of how genetic activity regulates morphogenesis over time. Conceptually, an approach to such an investigation of cellular and molecular mechanisms can be articulated as a multilevel paradigm (Figure 1) . At the molecular level, analysis of the transcriptome can reveal the profile of gene activity. This activity reflects regulation by transcriptional complexes on regulatory elements of individual or sets of genes and modulation by epigenetic effects via changes in chromatin conformation, histone and DNA modifications, nucleosome occupancy, and the activity of noncoding regulatory RNAs (#1, Figure 1 ). The transcriptome of embryos of successive developmental stages can, in turn, inform us about the dynamics of cellular biological activities: cell-intrinsic housekeeping and differentiation activities (#2, Figure 1 ) and cell-extrinsic activities that mediate cell-cell and cell-environment interactions (#3, Figure 1 ). Together, the intrinsic and extrinsic cellular functions, directed by the progressive changes of the proteome, drive morphogenesis of the embryo over time (#4 and #5, Figure 1 ).
Thus far, the transcriptome of mouse embryos has been studied by analyzing libraries of cDNAs and expressed sequence tags (ESTs), serial analysis of gene expression (SAGE), and, more commonly, microarray profiling. Recently, two sets of transcriptome data encompassing the whole preimplantation period of development were published (Hamatani et al., 2004; Wang et al., 2004) . The main findings of these studies are (1) that two transient waves of active transcription occur, first at the two-to four-cell stage (the zygotic genome activation) and then at the eight-cell stage (the mid-preimplantation gene activation), which may reflect some synchronous changes in the developmental status of the blastomeres; and (2) that cell-cell signaling activity takes place prior to major morphogenetic events like compaction and blastocoel formation. In contrast, transcriptome analysis of the postimplantation period has been more limited in its coverage of developmental stages. In addition, variations in the methodology and technology platform, the tools for data analysis and validation, the choice of mouse strains, and the criteria for staging the embryos have confounded the construction of an integrated longitudinal profile of the transcriptome. The study of Mitiku and Baker (2007) in this issue of Developmental Cell has now provided a comprehensive look at the transcriptome of postimplantation mouse embryos.
Altogether, 13 stage-specific transcriptomes of embryos at gastrulation to early organogenesis are described. The developmental stages span across a period of active cell proliferation, lineage specification, morphogenetic cell movement, and formation of organ primordia. This set of transcriptomes is unique for its fine temporal resolution at successive 0.25 day intervals-transcriptomes were generated from pooled embryos of the same nominal ages, determined by matching their morphology to that of the Theiler system of developmental staging. The staging of embryos by morphology rather than actual (gestational) age may, however, result in a reduction in the fidelity and consistency of the expression profiles, if the activity of certain cluster of genes is regulated chronologically (age related) rather than developmentally (stage related).
Analysis of the transcriptomes has revealed several discrete patterns of gene expression occurring between gastrulation and organogenesis. There are distinctive and coordinated switches in the expression pattern of groups of genes during the transition from rapid cell proliferation to enhanced cell differentiation. Intuitively, genes that encode molecules for common biological functions, or controlling parallel developmental processes, are expected to display a concerted expression pattern, consistent with the notion of the syn-expression grouping of genes (Baldessari et al., 2005) . In line with this concept, analysis of the mouse data sets revealed clustering of active genes during developmental transitions. Among the gene clusters, Mituku and Baker observed that those expressed during gastrulation are mostly related to ion metabolism and the maintenance of pluripotency, while those expressed after gastrulation are involved in lineage commitment, cell differentiation, organ formation, and morphogenesis.
Coexpressing genes are known to be spatially clustered on the chromosomes (Cohen et al., 2000; Caron et al., 2001) . As Mitiku and Baker discovered, not only are genes that are activated collectively during organogenesis localized on the same chromosome, the regulatory region of these genes is enriched for GLI binding sites. GLI transcription factors are involved in the regulation of the downstream target genes of the Sonic hedgehog (Shh) signaling pathway. Coincidentally, expression of Gli2, Gli3, and Shh genes increases just before the activation of this gene cluster. This finding lends support to the hypothesis that the GLI transcription factors may be instrumental in mediating the widespread activation of downstream gene cluster by SHH signaling. Whether a combined function of the entire gene cluster or only some individual genes is required for organogenesis has yet to be tested experimentally.
Comparing the mouse transcriptome with that of other animals (#6, Figure 1 ) reveals conservation in the activity of some genetic networks. The activity of one of the seven clusters of the mouse genes, encoding putative RNA processing and cell cycle regulators, provides one example for such conservation. These genes are downregulated at the onset of organogenesis of the mouse. In Drosophila, homologs of these genes are also downregulated shortly after gastrulation, strongly suggesting a fundamental role for RNA processing in the transition from cell proliferation to cell differentiation. There are also similarities between mouse and Xenopus: the mouse transcriptomes show little change between gastrulation and early neurulation, and the gene expression profiles are relatively constant between gastrulae and neurulae in the frog (Baldessari et al., 2005) . However, it should be noted that while the conservation of certain aspect of the transcriptome highlights the commonality in the molecular mechanisms of development, divergence is equally important for its contribution to the acquisition of species-specific embryonic characteristics.
The immediate benefit of the availability of this data resource on-line (GSE9046 at http://www.ncbi.nlm.nih. gov/geo/index.cgi) is that it enables us to find out when genes of interest are expressed and how their expression level changes within this window of postimplantation mouse development. In addition, these expression data could potentially be used as a reference for analyzing those of mutant embryos, keeping in mind the possible effect of strain background on the transcriptome. More value may be added to this resource if the whole-embryo transcriptomes were complemented by germ layer-and tissue lineage-specific transcriptomes of embryos at comparable developmental stages (Harrison et al., 1995; Gu et al., 2004; Sherwood et al., 2007; Hou et al., 2007) . It would then be feasible to mine the data for a developmental profile of genetic activity in specific progenitor populations of known cell fates and also that of their derivatives. Finally, inferences about the impact of the transcriptome on embryo development are at present based principally on the knowledge of gene ontology. While such information may educate us about the putative function of specific genes, it is important to note that synergistic and negative interactions among genes, over and above the activity of individual genes, may be more critical for the function of the transcriptome. 
